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NASA 'IT F-10,062 

IXTEXSITY OF ME!EUXF, ABSOaPTLCX- I 3  6190 i6 BAJ!ID (7N 
JupIlTB'S DISK 

V, G. TeyPel' and N, V, Priboyeva 

ABSTRACT 
a d - - '  

Measurements w e r e  mad0 af the 61WA abso rp t ion  band 

p e r a t e  zones of J u p i t e r  i n  l959-61, The observations were 

made i n  o rde r  t o  d e t e c t  t h e  p o s s i b l e  v a r i a t i o n s  i n  the inten- 

si* of the bard as a func t ion  of time m d  the p o s i t i o n  of the 

i n v e s t i g a t e d  zone on J u p i t e r ' s  disk. 
C 

It was  es t ab l i shed  tha t  the width of' t h e  6lmA band XBB 

the same f a r  d l  of t h e  inves t iga t ed  zones of Jupiter. 

is an i n d i c a t i o n  of s m a l l  v a r i a t i o n s  i n  the band intensi ty  

There 

from one n i g k t  t o  another. These v a r i a t i o n s  are not assooi- 

a t e d  with solar activity cr  with the long i tude  of the c e n t r a l  

meridian of  t h e  p l m e t .  

The p o s s i b l e  reaJons f o r  t hese  v a r i a t i o n s  zre ES follows: 

the change i n  the thickness  of the p u r e  gas layer which is  over 

the cloud layer ar,d photochen5cal processes  i n  the 2tmospk.ere 

of Jupi ter .  The first reason  seemed rare likely. The change 

i n  the a l t i t u d e  of the upper boundary af? the cloud layer deter-  

mined ~ Y Q D  the observed v a r i a t i o n s  i r -  the methane band in t en -  

s i ty  is  approximately 4 kilmeters. 

layer i n  J u p i t e r ' s  ainosFhere coincides  with that  for t h e  earth's 

The e x t e r t  of the F u r e  gas 
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results publ ished i n  Referm-ce 4* The o p t i c a l  thickness of the 

pure  gas layer i n  the continuous spectrum i s  very s m a l l  - 
from 0.00"/9 a t  a wavelength of b00 i t o  0,0009 at a wave- 

l e n g t h  of 6500 

a 
The 6190 A band is  the m o s t  i n t e n s e  abso rp t ion  band d m e t h a n e  i n  the 

v i s i b l e  r e g i o n  of J u p i t e r ' s  spectrum which can b e  Fhot.ographed using i so -  

pamhromat ic  materials. I ts  observat.ion is n o t  p a r t i c u l a r l y  d i f f i c u l t  

dGe t o  the u t i l i z a t i o n  of k igh  s e n s i t i v i t y  p l a t e s  with a mall dispers ior-  

of the spectograph. A t  the same t i m e  data on the v a r i a t i o n s  i n  the i n t e n s i t y  

o f  this band can be r e l a t e d  t o  other methane bands because when suck mecisme- 

ments are  p r a c t i c a l ,  the i r  cause must l i e ,  f i r s t  of a l l ,  i n  the v a r i a t i o n s  of' 

the o g t i c s l  thickness of the methane 1qmr which are the same for all bands. 

The p o s s i b l e  d i f f e rences  i n  the v a r i a t . i o n  of band i n t e n s i t y  uorresponding t o  

d i f f e r e n t  v i b r a t i o r  levels could ha rd ly  be de tec t ed  by nears of a specto- 

graph w i t h  small dispersion.  
la 

MeasureEents of t h e  6190 A band i n t e n s i t y  have been c a r r i e d  ou t  fre- 

q u e n t l y  for the purpose of  determining i t s  v u i a t i o n  as a Arnction af the 

posi t ic ln  of  the i n v e s t i g e t e d  r e g i o n  on J u p i t e r ' s  disk. 

t i o n s  et the end of' the 19th century and a t  the beginKing of  the 20th century 

The first observa- 

produced rather i n c o n s i s t e n t  results i n  this  r e s p e c t  which can b e  explained 

by the l o w  accuracy of eva lua t ing  in tens i t ies  which w e r e  c a r r i e d  ou t  p r i -  

m a r i l y  by neans of the iidced eye r a t h e r  t h a n  by us ing  t h e  pkotometry of the 

abso rp t ion  band p r d i l e ,  From the s tandpoint  of photometry, the observat ions 

of Hess (fieference 1) are most s t r i c t  but are based on only several spectro- 

grams of J u p i t e r .  The s t r u c t u r e  of the metLane bands and of the ammonia 
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bands i n  the s p e c t m  of J u p i t e r  kas been i n v e s t i g a t e d  r e c e n t l y  by Kiess and 

C o r l i s s  (Reference 2) who =sed e & i f f r a c t i o n  spectrogrsph of h igh  d i s p e r s i o n  

at. the lwkuna Loa Observatory in Hawaii. However, i n  this W G r k  too, the inten- 

s i t y  Gf lines i n  the abso rp t ion  bands was evaluated only by means of an arbi-  

trary visual saale without  photometry, 

During h€s spectrophotometr ic  o b s e n a t t o m  of' J u p i t e r  i n  1949, Hass used 
S 

a spectrograph with a d i s p e r s i o n  of =$?A nu17 between the C and D l i n e s  arrd 
c 

0 obtained en e q d v a l e n t  6190 A bandzwidth adl 16-2- 3- 1.9 A a t  the Equator (the 

t o t a l  n m b e r  of  spectrogama wss n = 5 ) -  The m a x i m  deviat ior ,  of .the equi- 

valer t  width f r o m  the e c i U t o r i a l  w i d t h  is obserp-ed a t  the jovioentrie l a t i -  

t u d e  of' 30° arid c o m t i t u t e s  -4*O 2 1.0 A (n  = 4), w h i l e  a t  the latitudes of 

lOcand 60° the deviat ions E r e  almost the same and are equal  t o  - 2.5 and 

- 2.7 d r e spec t ive ly ,  

c rc.2- 

e 

In a preceding work (References5,4) V. G, Teyf'el', who made observatioxw 

i n  1938, e s t a b l i s h e d  tkat t h e  i n t e n s i t y  d i s t r i b Q t i o n  aver J u p i t e r ' s  disk  along 

the Equator  a d  the mer id ian  i n  the m e t h a n e  absorpt ion band 6190 A and w30 A 
C c 

is i d e x t i c a l  t o  t h e  i n t e n s i t y  d i s t r i b u t i o n  i n  ad jo in ing  r eg ions  o f  the contin- 

uous spectrum arid shows no momalies  i n  l a t i t u d e  zones nea r  pot The purpose 

o f  future  observat ions is t o  verify these results by determining the i n t , e r s i t y  

of  Ebsorption bands i n  three zones of J u p i t e r ' s  d i s k  and e s t a b l i s h i n g  the 

l i m i t s ;  o f  p o s s i b l e  v a r i a t l o m  i n  the i n t e n s i t y  of methaze bands as a f u n c t i o n  

of t i m e ,  

RESULTS OF THE OBSEilVI?ITIONS 

I n  lm9 s p e c t r a l  observat ions of' J u p i t e r  were c a r r i e d  ou t  which were 

analogous t o  the observat ions made by Hess. 

d i d  n o t  make it p o s s i b l e  t o  i n v e s t i g a t e  s u f f i o i e n t l y  narrow zones 02' the 

s i n c e  the low p o s i t i o n  of J u p i t e r  
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p l a n e t  due t o  the v i b r a t i o n  of the inwe, read ings  were mede  of the sFect.ra of 

e q u a t o r i a l  (E)  and of temperate zones - the n o r t h  (a) and the soxth ( S )  - of 

f o c a l  image of J u p i t e r  on  the UT-7 200 mm t e l e scope  w i t h  ahAST9 spectrograph 

(the d i s p e r s i o n  was 145 &%m~ f o r  3 ). The inhge of J u p i t e r  was d i sp laced  

along the s l i t  of t h e  spectrogaph dce t o  i t s  d i u r n a l  motion. The s l i t  w a s  

p laced  p a r a l l e l  t o  Jupiter's equator and i t s  p o s i t i o n  over a d e f i n i t e  zone c$ 

Vie p l a n e t  w a s  maintained by r o t a t i n g  the i n c l i n a t i o n  key. 

The exposure t i m e  was deternined by the number of the p l a r e t ' s  image 

passages d o n g  the s l i t  of the S P ~ ~ o S a - E h ,  The same number cf passages was 

observed for all o f  the zo res  ard usually these w e r e  equal  t o  two. The high 

b r i g h t n e s s  and e x t e n t  of the e q u a t o r i a l  zone w a s  c q e n s a t e d  by s topping down 

the input p u p i l  of' the i rs t rument .  The s p e c t r a  were Thotographed by using the 

Kodak OaE p l a t e s ,  

the contours  of the 6190 A abso rp t ion  band than the &fa Spektxal R o t  Rapid 

These plates turned out t o  be  mme s u i t a b l e  f o r  cons t ruc t ing  
c 

p l a t e s  xsed ear l ie r  s i n c e  t h e  l a t t e r  have a small drop in sensitivity near the 

long wave wing of the band+ I n  the case o f  the Kodak OaE p l a t e s  the variaffon 

ir, t h e  spect . ra l  s e n s i t i v i t y  5n this r e g i o n  takes p l a c e  along a s t r a i g h t  line 

( F i e w e  1). 

33 - 4g 5m dud FPO ..- 7.2? R,  
Figure  1. The s p e c t r a l  sensitiTLiy of' the Kodak OaE 

gletes (according t o  Breyilo and Markelma). 
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Sirrce the i n v e s t i g a t e d  r e g i o n  of t h e  spectrum h2d negztive d e n s i t i e s  correa- 

ponding t o  the l i n e a r  regions of t h e  c h a r a c t e r i s t i c  curve, the processing & 
B3 

the spectrogram w a s  somewhat s5mplif ied because it was p o s s i b l e  t o  draw the 

lines of the cont imous  spectrum i n  R r e g i o n  of absorpt ion bands by the 

direct we a€' col l tours constructed on the S a s h  of the d e n s i t i e s ,  Slnce the 

v a r i a t i o n  i n  the s e n s i t i v i t y  aE' the plates i n  this r e g i o n  takes p l a c e  along a 

s t r a i g h t  l i n e  and since we can neg lec t  the v t i r i a t i o n  in  the d i s p e r s i o n  in the 

r e d  p a r t  of the spectrum w i t h i n  the Ifmi+& 100 - 200 A, the i n t e r p o l a t e d  
e 

continuous spectrum i n  the absc rp t ion  band i s  r ep resen ted  by 8 s t r d g h t  line. 

'Rie t o t a l  6190 A 

( a p ~ r o x i m a t e l y  160 A ). 

0 

band width on the q e c t r w  i s  approximately 0,B mm 
E 

The dens i ty  measu remen t s  during t h e  c o n s t r u c t i o n  aP 

the contours  w e r e  made every 0.02 5 The width of the eectrclg'aph  WE^ 

SufYicient ly  large no that it w a s  po6sible t o  use the maximum h e i g h t  aP the 

microphotmeter  s l i t  and t o  r educe  t o  8 minimum the e f f e c t  of' the nega t ive  

grain on the contour of' the absorpt ion band, 

D-mirg the pe r iod  May - June 1939, 220 spectograms of J u p i t e r  were obtain- 

ed and of theee,X)l were proaessed. 

t i o n  accc rd ing  t o  zonest E - 66, N - 65, S - 70. 

Their number has the fo l lowing  d i s t r i b u -  

The equivalent  widthNjba,,J 

and the depth a t  the center o f  the bard!$,pere determined from the Con- 

a t r u c t e d  contours of+ t h e  b a d ,  

The resul ts  of the neasmements are p resen ted  i n  Tables 1 and 2. Table I 

the average values of qvcanAin A for each of the imes- 
e 

c c n t a i n s  the fo l lowing t  

t i g a t e d  zones aE' J u p i t e r ,  6 the ract  - mean - s q u m e  e r r o r  of one measurement 

of  w h y  II - the number of measured spectogramslbvdo$>e average Value aP the 

e q u i v a l e n t  band width f o r  the  e n t i r e  d i sk ,  e r 7  t h e  r o o t  - m e a n  - square error 

- - , 7  

- 7  
for Whad 
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1959 

Tc..bie 1 

. s  

Tablit: 2 shows the values R g d m d  the root  - man - square errors  of' one 

measurement 0' f r o m  d a t a  for each c;f the  zones, The average velues of  WbanCr 

and RbohJor the en t i r e  period are contab8d i n  Table 3 where &w andde m e  

the roo t  - man - square deviations o f  Wbadand Rbe,,drespectively. 

Let us consider first the data i n  Table 3.  

h b l e  the average equivalent w i d t h  and depth of  the 6190 E- 

ca l ly  the same for a l l  three zones of Jupiter and there i s  no sharp deviation 

i n  the tengarate zones as noted by Hess, 

there i s  no systematic var ia t ion between the zone9 in the direction of 

smaller values of Whndfor N and S, 

i n t ens i ty  var ia t ion tis B m o t i o n  of position on Jupiter 's  disk 88 observed 

i n  1958 is  oodimed,  

As we can see  from the 
c 

band is  practi-  

tc-lr 
The data of Table 1 a l s o  show that 

Thus the abaence of absorption band 

6 



1959 

I 

16-47 .. 
17-18 
20-21 .. 

0 , 2 0 2  
0 . 2 0 0  
0 . 1 9 9  
0 . 2 1 5  
0 . 2 1 8  
0 . 2 1 2  
0 . 2 0 2  
0 . 2 1 2  
0 . 2 1 6  
0 . 1 9 6  
0 . 2 3 0  
0 , 2 2 0  
0 . 2 0 6  
0 . 2 1  1 

0 .*m ? 
0.0'63 
0 . 0 1 9  
0 , 0 0 4  
0 . 0 1 2  
0 . 0 1 1  
0 . 0 0 6  
0 . 0 0 0  
0 .014  
0 . 0 1 6  
0 . 0 1 1  

P1-f 18.2 1 1.8 I 0.206 1 0.017 

E. 

It is t rue that i n  the t e z p e r a t e  zones t h e  v d u e s  of X-dare 0.5 - 0.4 A 

lower t h a n  i n  the e q u a t o r l a l  zone but t h e s e  d i f f e rences  are s u b s t a n t i a l l y  

less than the measureEent error. 
c 

The v a r i a t i o n a  i n  W ~ ~ ~ f ' r o m  day t o  day are r a t h e r  substantial - the 
c 0 0 

equ iva len t  6190 A band width v a r i e s  f'rom 16-1 t o  20.6 A iee.y by 4.5 A. 

Since  the Tnrmber of specfJqrms used t o  determine Wb $n each zone i s  not the 

stme arid varies f'rom one t o  ten, t,he r e l i a b i l i t y  of the q u a n t i t i e s  WLnYd 

Rb, 

p e c u l i a r i t y .  A c l e a r  c o r r e l a t i o n  i s  c'tjserwd between the values of the 

**\ 

d i f f e r e c t  f o r  each day. Mevertheless, w e  should mte the fcllowing 
n 

e q u i v a l e n t  width for RT and S (the c o r r e l a t i o n  coef 'f icient i s  r (N, S)  = -!- 0.89), 

7 



while for values of Wbmf$r the e q u a t o r i d  zone the q u a n t i t i e s  mentioned above 

c o r r e l a t e  very poor ly t  r(hT,E) + 0.43, r (S,E) + 0.64, 

The observa t iom af 1959 could not be considered sL?ff'icient for clarif 'ying 

tke q u e s t i o n  concerning the short t e r m  Tariatims in the i n t e n s i t y  of methane 

a b s o r p t i o n  i n  J u p i t e r ' s  atmosphere. 

obse rva t ions  ut' the equatorial region GJ? the plaziet w e r e  again c m i e d  aUt, 

The methods were i d e n t i c a l  t o  those  used i n  lB9. Each n i g h t  not  lesg than 

10 - 12 spectrograms of' the e q u a t o r i d  regions were taken and these were 

used t o  determine the equivalent  wldth of' the 6190 A The results of 

t h e  observat ions are presented i n  TaS le  4,where WL 5s  the equ iva len t  width, 

I 
Therefore, i n  1960 s p a c t s o p h o t m e t r i c  

lk-5 

0 

band. 

I 4h 

R, is the depth af the absorptior,  band e' is the r o o t  - mean - square e r r o r  
bund 

of each determination, n is the number o f  spectrograms, L1 is the Longitude 

of the c e z t r a l  mer id ian  at? J u p i t e r  i n  syatem 1. 
We c m  see that the d i s p e r s i o n  a€' the values WL,%um day t o  day i n  t h t a  

case i s  s u b s t a n t i a l l y  less than i n  1959 (Figure 2). 

that the r o o t  - m e a n  - square e r r o r  CP one measurement i n  our observations 

acnducted i n  1 9 9  arid 1960 is usually snaller than the probable e r r o r  c i t e d  i n  

t h O  work of Ress (Reference I) even #her t h e  number aP rceasuremezts is  small. 

Since  t h e  probable e r r o r  and the  r o o t  -mean - squa re  error are  a s soc ia t ed  

w i t h  a r e l a t i o n s h i p  r = 0,674 c-' , i t  tmm out  that the ic ternal  convergence 

of the measurements Qp t h e  equivalent absorpt ion band width of methane f o r  

spectrograms with s m a l l  d i s p e r s i o n  i s  even s l i g h t l y  b e t t e r  than for spectro- 

grams w i t h  dispersion s u b s t a n t i a l l y  greater than  for the U T - 9  spectrograph. 

It i s  i n t e r e s t i n g  t o  no te  

8 



I 1 I I I I  I I I t 1 

ID 25 30 I D  20 30 ID 20 31 10 20 30 10 20 30 

c 
Figure 2. 

and 1960, 

error  in the  a-serage d a t h  

Thus we can see tha t  the oscil lations of the absorption band in t ens i ty  

Variation i n  the equivalent w i d t h s  of CH46190 d band i n  1959 

The ve r t i ca l  segments correspond t o  the r o o t - m e w q u a r e  

for methane from day t o  day i s  very small although i n  saxe caseE they exceed 

the limits of' possible measurement errors.  

seasonal nature car, be sonsidered t o  be rea l  and these l i e  i n  the l i m i t s  

1 - 2 A 

methane bands is observed i n  any particular regions of jovicentric longitudes. 

Apparently the var ia t ion oi: a 

0 

of the equivalent width, Xo preferred increese or decrease i n  the 

DurirG the period Emember * Tjecember 1961 observations a f  Jupi ter  were 

again carried aut using the AST+ spectrograph ins ta l led  on the AVR-2 200 mm 

ref lector ,  "he 

r e su l t s  of the observations are shown i n  Table 5. 

The spectra o f  Jupi ter  *s equatorial zone were photographed. 

Unfortunately the resu l t s  of 1961  re l e s s  re l iab le  since the calibration 

of' the negatives was carried out over individual pieces of the plates  which i'Gc 
f requert ly  resu l t s  i n  inaccwaci es. A clear correlation was observed between 

9 



the obtained values of the equiualerk absorption bmd width m d  the coefTicient 

of the character is t ic  curve, It thersfore becam necessary t o  reduce some- 

w h a t  the obtained values due t o  inaccurate calibration bearing i n  mind that the 

coni%.tions of development were s t r i c t l y  inaintalned. 

I I ' I  i 

2 3  1+0,008 
~ 0 , 0 0 5  

Q 1  .6*0,9 

19,5-+0,5 1 , 6  0.220f0.006 
20,4*0,6 1.7 0.236&0,004 

20,450.6 1.3 0.223f0.005 
19.9kO.5 1.6 0.224iO,004 

21.920,i 

20.2k0.7. 2.1'  0,23O+O,CO5 

12 

0 , 0 1 6  5 

0 . 0 1 6  I ' i  
0 , 0 1 8  11 
0 , 0 1 1  10 

0.015j I O  

243O 
36 
71 
3 

164 
307 
339 
133 
65 

- I I 1 1 1 

19.6k0.5 
19,5i0,7 
19,1*0,7. 

: 19,310,5 
17,laO , 6  
18,7%0,5 
18,820.7 
18,4i0,4 
17.7f0.6 
16.2f0.9 
1 8 . 0 * 0 , 7  
17 ,OiO,9 
18,5*0,6 

. 0 : 5  I 1 1  

0,224kO.003 O,OO# t o  ' 
O,211kO,OO9 0,026 
0,203fO.005 0.017 1 8 ;  
0,2 18f0.005 0 
0,206iO. 005 0 
0,21310,005 0 
0,202k0.003 0 
0,202*0,004 0 
0,204iO ,004 0 
0.199k0.005 0 
0,212iO.805 0 

0.217*0,005 0 
0.199*0.005 0 

Note : Commas i n  tables represent decimal points.  



As we cen see, i n  1961 t h e  l f m i t s  fur the v a r i a t i o n  of t h e  equlva-lent 

I 

, width  of the mthane bazd are approximately t h e  same as iln 1959. The 

r e l a t i o n s h i p  betMeen Wbpmpd R ~ J U R M  out t o  b e  l i n e  for a l l  of the years ,  

~ 

l i r e - $  w & * p h a k J  

Such are t h e  results of the observations, Below we shall consider  
I 

~ several p o s s i b l e  reasam for the sariation in  the intensi ty  aP methene 

a b s o r p t i o n  bands on J u p i t e r  and shall attempt t o  evaluate their role i n  such 

v a r i a t i o n s ,  

, 

IL7 CERTAIE DATA OX TRE STRUPTURE OF JUPITER'S ATMOSPfiERE 
I 

It is known that under ltzboratory condi t ions methane produces abso rp t ion  

bands only i n  the infrared r eg ion  of the spectrum, The d e t e c t i o r  cf' overtone 

and combination methane v i b r a t i o n  bands io the v i s f b l e  r e d o n  a f  the spectrum 

becomes p o s s i b l e  only wErer, the linear thickness of the methane layer is very 

great and when the p r e s s w e  i s  very high, 

c o e f f i c i e n t  of methane in the 6190 A (163 

p o s s i b l e  t o  determine the o p t i c a l  thickness  of the ef'fective &sorbing layer 

of methane alocg the depth a t  the  center  of the absorpt ion band i n  the same 

manner as f o r  a r  absorpt ion l i n e  

Consequently t h e  a b s m p t i u n  AbtLh& 0 
0 

) band must be very smalll  It is 3 

where I is the i n t e n s i t y  of the r e f l e c t e d  r a d i z t i o n  o u t s i d e  the abso rp t ion  

band, 

0 

I L J . 8  t h e  same a t  the c e n t e r  of' the absorpt ion band, 

i s  the depth of  the band. 
Rb4h d 



I n  most of the works concerned with .8-e s tudy  of' abso rp t ion  bands i n  the 

spectrum of' J u p i t e r  ( r e fe rence  I, 5 )  it w a s  assumed that absorpt ion by m e t h a n e  

and amnonia occurs only i n  that l a y e r  of  the atmosphere which is above the 

v i s i b l e  surfaoe of the planet ,  L e r ,  mer the surface of the dense cloud lzyer. 

T h i s  upper layer af the atmosphere which is free of c l c ~ z d s  may be assumed t o  

c o n s i s t  o n l y  of a pure  gas w i t h o u t  no t i ceab le  add i t ions  of aereteol oamponent. 

The entire q m t i t y  o f  m e t h a n e  and anm0rj.a determined f r o m  spectral .  observat ions 

on t h e  i n t e n s i t y  of' abso rp t ion  bands i s  usually a t t r i b u t e d  t o  this pure  gaseous 

1 ayer .I 

Actual ly  t h e  u p t i c a l  thickness 'rhnbobtained by  observing t h e  i n t e n s i t y  of 

abso rp t ion  bands does n o t  correspGnd t o  abso rp t ion  merely i n  the pure  gaseous 

layer, The observed zbsorpt ion of methane i n  J u ~ i t e r ' s  atmosphere i s  produced 

by twc a f fec ts :  1) absorption i n  t h e  pure gaseous layer w i t h  a linear reduoed 

thickness 1 i n  which oase 9 '  

I 
7 +dl 
bj-* 

and 2) the zbso rp t ion  by methane p r e s e n t  i n  the cloud layer, 

i s  manifested by the f a c t  tha t  the albedo of the cloud layer which has a 

l a r g e  O F t i C d  t h i ckness  ( 

corresponding t o  the met2ane band will be lowered, 

The l a t t e r  e f fec t  

ZR;-aaC ) in  t h e  continuous spectrum for Wave length3 

Indeed, t h e  parameter 

&=- 0 

o+o a 
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which cka rac t e r f zes  the r e l a t l o m h i p  between the s c a t t e r i n g  c o e f f i c i e n t  e' and 

the continuous true a b s o r p t i o n 4  i n  the atmosphere and which deterxdnes the 

albedo of the medium with an inf ' inite o p t i c a l  thickness  i s  given by the 

following expression i n  the absorpt ion band 

The magnitude of m e t h a n e  abso rp t t an  ir! the c i m d  l q e r  can be expressed 

by the o p t i c a l  thickness ' lbO only c c n d i t i o n a l l y  without  giving it the 

m e a n i n g  of expression (2) and assuming t f i t  the i n t e n s i t y  o f  the m e t h a m  band 

obtained from observzt ions corresponds t o  the sum 

A two layer model uf 

consiilered i n  Reference 4 

v a r i a t i o n  cf m e t h a n e  b w d  

disk. It turned o u t  t h a t  

ir , ter;si ty i n  all p a r t s  of  

2Tw- 2rb 2-k ' b o  , * 
6 )  
. 16.8 

the absor3ing Jupiter atmosphere af this type was 

as a p o s s i b l e  exp lana t ion  for the abseme ir the 

i n t e n s i t y  as a f 'uncticn of p o s i t i o n  or, the p l a n a t ' s  

i n  o rde r  t o  E-Fproximately m i n t e i n  a cons t an t  band 

J u p i t e r ' s  d i sk ,  t he  layer of pure gas r u s t  have an 

o p t i c a l  t h i ckness  a t  the c e n t e r  of the 6lW A abso rp t ion  band which i s  equal 

t o  3fb3 0,05, whereas t k e  observed 'effective' o p t i c a l  thickness  i s  equal 

to l ' iband = 0- 2-5. 

Proceeding from the q u a n t i t y  af methane obtained by Kuiper from the t c t a l  

i n t e n s i t y  of absorptior,  bands ( l P O 0  cm d e r  n o m l  coad i t lons  or w i t h  a 

p a r t i a l  p re s su re  P 

q u a n t i t y  a€' methane i n  t h e  p - z e l y  gaseous l a y e r  

10-7 &an2), w e  o m  use these d a t a  t o  determine the a= 



Here P i s  t?r, p a r t i a l  p re s su re  af methane a t  the base of the piiely 3- 
gaseous layer m&er normsl conditfons,  M i s  the number of absorbing molecules. 

At the p r e s e n t  time the most acoeptable model of' J u p i t e r ' s  atmosphere is 

m e  of the two models proposed b y  Euipcr --his model wb' (Refereme 5) .  

According t o  this node1 the purely gaseous layer s i t u a t e d  a b m e  the cloud 

layer i s  divided i n t o  two zones - an isot.herma3 s t r a t o s p h e r e  and ETL a d i a b a t i c  

zone which con ta ins  the upper p w t  o f  the c loud  layer.  

proposed r a t i o  of hydrogen, hel im and methane ( i n  model 'bR %J He' -g9,.$ 
15:308r1,4), Xciper obtains  a r a t i o  of s p e c i f i c  heats, equal  t o  

acd a n  average Irolecular atmospheric weight of 

confirmed by tke obsezcvatfons of Baum and Code (Reference 6 )  on the blanketing 

by J u p f t e r  of the star 

Proceeding from the 

Cp*nd c, ;+E* . 

=3,A The l a t t e r  q s a n t i t g  is  P 

c" 

T h e  d r y  a d i a b a t i c  tempera twe g rad ien t  i n  Jupiter's atmosphere above the 

cloud layer turns out  to be  equd t o  

14 



The upper b m a r y  of the elcrud layer according to  Butper (Reference 5 )  

l ies  a t  21 Im below the tropopause, and hzs a teqeratutre of 168% (Figure 32. 

The temperature of the a t r a t o s g h m e  is 86%. 

boundary of the cloud l a y e r  i s  2 atmospheres, 

should be reduced in aceordame with (7). 

between the lnmiber of hydrogen molecules, hellurn molecules and methane mole- 

cules which g ives  us the mass r a t i o  

The pressure  at the upper 

Appareztly the la t te r  q u a n t i t y  

T a k i n g  the above re la t iomhip  

we o b t a i n  the follovTing v d u e s  for the t o t a l  p ressure  

200' 250' * T X  

Figure 3.  Teo;ierature d i s t r i b u a o n  i n  J u p i t e r  ' 5  atmoosphere according 

t o  Kuiper, Tbe dots  r ep resen t  the moat probable curye for t h e  ten- 

p e r a t u r e  v a r i a t i o n  below the cloud layer boundary acccrding t o  Pika 



Here and 9 are , resFect ively ,the acce le rc t ions  due t o  g r a v i t y  OE 

J u p i t e r  and on the earth. 

boundary of J u p i t e r ' s  c loud cover i s  equal t o  0.6 a tm&pheres ,  

a p g a r e n t l y  i s  the lower p re s su re  l e v e l  a t  t t e  boundary o f  t h e  c l m l  covey 

because i n i t i a l  va lues  are a r b i t r a r y  t o  sane degree and the c a l m l a t i o m  are 

q u i t e  approximate, 

TkLw t h e  t o t a l  a tnospheric  p r e s s u r e  a t  tb upper 

This q u a n t i t y  

Frm this we can establish the o p t i c a l  t h i ckness  and the l i n e a r  extent 

of the p u r e l y  gaseous lsyer along t1.e altitxxde. 

o p t i c a l  

t h i ckness  of this layar i n  the cmt inuozs  spectrum (q 

the Exiper  method (Referennz 5 ) .  

0-23 while t h e  helium 3catterAng i s  0.017 of i t p a  s c a t t e r i n g  i n  t h e  ear+.h's 

pu re  rlir. Therefore the r a t i o  of air ma3883 f o r  t h e  pura gaseous l n g e r  of 

J u p i t e r  snd of  the ear'ch';  a t m s ~ h e r ;  i s  equal t o  

) i s  de5ermIned b 7  

s c a t t e r h g  of hydroeex i s  

Y 

Ths Rzsrleigh 

wliere D H ~  and D ~ ~ r e p r a s e n t  the proport ion of hydrogen 2nd h d i u m  i n  the zass 

of J u p i t e r  'a atmosphere. 

pu re ly  gaseous layer i n  the cant inuom spectrum i s ' f H =  O . 0 l 8 l r e t  According 

t o  d a t a  presented i n  tho a r t i c l e  by Veri de Holst  (Reference 71, the o p t i c a l  

t h i c k n e s s y e o f  the eartb's atmosphere fJr pure  a i r  and a wan l e n g t 5  of 5530 A 

is equal  t o  0.474. 0,008. Kiiper  DbtainedT3500- C.03 f o r  the 

model 'b", 

of t h e  s p e c t r m  ( T a b l a  6 ) .  

Pa = O,% atmospheres. The o p t i c a l  t h i ckness  of the 

P 

e 

S i n c e ~ C k ~ K L 1 w e  can compute t h e  values r,+ f o r  the v i s i b l e  r az ion  

16 



I n  the e n t i r e  v i s i b l e  reeion of the spectrum, the o p t i c a l  t h i ckness  02 

a p u r e l y  gaseous layer outsside t h e  $o_bsor?t.ion band is equal  t o ’ z g  c (?.Oja 

The linear e x t e n t  along the a l t i t u d e  of Jtrpiter’s stmosphere above the 
LE 

s l m d  layer m v  be obtained if we assme some b o l m d w  d a n s i t y  s i n c e  the iso- 

thermal a h o a p h e r e  h a  no true boundmy* 

. .  
I I t 

AZI sn m b i t r u v  boundary f o r  Jupiterls atmos;phere w e  as3uma a zane where the 

p r e s s m e  i s  equal  t o  10 mm Hg. 

fina+.ely t o  an a l t i t u d e  of 150 - 170 jnn, 

t o  have s m a l l  o p t i c s 1  e f l ec t ivenass ,  

pre?asllre a t  the upper boundary o f  the cloud lager P9 = 9.85 atmospheres = 645 m 

of mercury and a t enpe ra tu re  of Ta 

darv of the a d i z b a t i c  aoae (tropopause) 

On t‘ne earth this  corresponds approx- 

Higher a l t i t u d s  layers m a y  b3 assumed 

4 

Proceeding from the value of  +he 

168OK we f i n d  the p r e s s u r e  a t  the bow-  

= 10.1 AM pm. cm. 4.1r~21.105 )2$@ 

168 P ,  = 645 (1 - 

For an a l t i t u d e  OF h721 ka w e  w e  t h e  b a r o m t r i c  equation 

17 



from which 

c~E!s!?queL?t1y the +;!&el alt;itr?de is s.+-n-bli&-ed n n  169 km, A l m w t  .t;o*al 

coincidence with t h e  analogous a l t i t u d e  f o r  the e a r t h ' s  atmosphere i s  q u i t e  

n a t u r a l  s i n c e  the p res su re  grad ien t  f o r  t h e  atmospheres of J u p i t e r  and t h e  

earth a r e  ahos t  t h e  same.  

POSSIBLE REASOIJS FOR THE VARIATIOI? 

Ill THE INTENSITY OF METHBNE: 

ABSORP"I0H BARDS 

By us ing  t h e  a b w e  arrangement of J u p i t e r ' s  atmosphere we can poin t  out 

two p o s s i b l e  reasons f o r  t h e  v a r i a t i o n s  i n  t h e  observed magnitude of methane 

absor &ion i n  t h e  p lane t  s spectrum. 

1. Var i a t ion  i n  t h e  linear t h i ckness  of t h e  p . r e l y  gaseous layer due t o  

t h e  v a r i a t i o n  i n  t h e  a l t i t u d e  of t h e  e f f e c t i v e  upper boundary of the cloud 

l aye r  for mhich we o m  assume a d e f i n i t e  d e n s i t y  of t h e  d i spe r s ion  phase. 

The v e r t i c a l  displacements of t h e  upper boundary of' t h e  cloud layer may be 

a s s o c i a t e d  with a different i n t e n s i t y  i n  t h e  e i r c w l a t i o n  of gaseous nms808 i n  

J u p i t e r ' s  atmosphere and with t h e  processes of subl imat ion and v o l a t i l i z a t i o n  

of p a r t i c l e s  (ammonia c r y s t a l s )  h i c h  comprise t h e  cloud layer ,  and d i c h  

depend on t h e  temperature at the boundary of the cloud layer. 

The v a r i a t i o n  i n  methane content i n  t he  upper layers of J u p i t e r ' s  

atmosphere due t o  photochemical processes  produoed by t h e  a c t i o n  of solar 

2. 

18 



r ad ia t ion .  

remains almost constant  and only t h e  number of methane molecules i n  t h e  gaseous 

and cloud l a y e r s  changes under the a c t i o n  of shor t  wave photon and corpuscular  

s o l a r  r ad ia t ion .  

In t h i s  case t h e  l i n e a r  t h i ckness  of t h e  nurely g a s e m s  layer 

The work of V. I. Cherednichenko (Reference 8 )  considered the processes  

of d i s s o o i a t i o n  and i o n i z a t i o n  of comet molecules by t h e  u l t r a v i o l e t  and 

corpuscular  s o l a r  r ad ia t ion .  

compute the l i f e  t of a methane molecule i n  J u p i t e r ' s  atmosphere us ing  t h e  

equat ions  for corpuscular radiation 

By using d a t a  presented i n  t h i s  work we can 

NeTE'. K = lerpuscu\aF. 

and fcr photon r a d i a t i o n  

%a. C$ = p h d e h .  

wheredk and# are t h e  effective c ross  s e c t i o n s  of t he  urocesses  in  t h e  s o l a r  

r a d i a t i o n  f ie ld ,?? , ,  and v,.+are the concmt ra t ion  and v e l o c i t y  of protons in 

corpuscular  f l uxes ,  Q i s  the flux of e f f e c t i v e  photon r a d i a t i o n  a t  t h e  su r face  

of t h e  sun, w i s  t h e  d i l u t i o n  factuir. 

b; 

For J u p i t e r  (r = 5.2 a.u.) the d i l u t i o n  f a c t o r  i s  ~ 0 ~ = 2 . 1 0 ~  , whi le  t h e  

l i f e  of methane molecules compared with t h e  v a l u e  computed by V. I. Cherednichenko 

f o r  r 1 a.u. w i l l  be equal  t o  

19 



Depending on t h e  i n i t i a l  conditions we e s t a b l i s h  t h e  l ife of methane mole- 

calm f o r  d i f f e r e n t  d i s s o c i a t i o n  processes  and present  t f ie  r e s u l t s  i n  Table 7. 

In  t h e  *able,% corresponds t o  the i n i t i a l  l e v e l s  assumed by V. I. Cherednichenkor 

r - 1 a.u., n2+ = 600 cm 

correspond t o  t h e  following condi t ions:  r = 5.2 a.u.,#7H+= 600 

d i s t a n c e  of Jup i t e rmi i  = 22 cm-3 and V i +  = 500 km/sec. 

cond i t ions  are assumedr r = 5.2 a.u., n H t  = 22 c m  

Q* = 100 Q. 

f l a r e s  and chromospheric bu r s t s .  

characteristics t h e  l i f e  f k , o f  the  CH molecule i n  J u p i t e r ' s  atmosphere is 
4 

measured by t e n s  of days. 

i s  most effective a s  pointed o=lt i n  2efeTence 8.  The so l id  angle  f o r  t h e  f lux  

of carpuscular  r a d i a t i o n  proceeding from t h e  a c t i v e  reg ion  of t h e  sun is  equa l  

t o  8 - 9' (Reference 9, 10) h i o h  at t h e  d i s t a n c e  of J u p i t e r  r e p r e s e n t s  a 

width of t h e  order  of lo8 km. The maximum e f f e c t  of corpuscular  f l u x e s  ocC& 

a t  the polar  and temperate  reg ions  of J u p i t e r  i f  it has  a no t i ceab le  m g n e t i c  

f i e l d .  In conneotioa w i t h  this,it is i n t e r e s t i n p  t o  remember the c o r r e l a t i o n  

obtained in 1959 between t h e  equivalent width of t h e  methane band for t h e  

nor thern  and southern temperate  zones. 

t h a t  e f f o d s  should be made t o  e s t a b l i s h  a r e l a t i o n s h i p  between t h e  poss ib l e  

o s c i l l a t i o n s  i n  t h e  i n t e n s i t y  of methane absorp t ion  hands and s o l a r  a c t i v i t y ;  

however, f rom the presented da ta  it f o l l m s  that t h e  rap id  short t e r m  v a r i a t i o n s  

- -3 -6 , Vcl+ = 5OOkm/sec, w = 5.4 x 10 . The va lues  t,, 
a t  the  

For t,,the following 

z -3 , vi+ = 1000 k w s e c ,  

The value Q' corresponds t o  the u l t r a v i o l e t  r a d i a t i o n  from b r igh t  

For average -lues of s o l a r  r a d i a t i o n  f l u x  

Corpuscular r a d i a t i o n  r a t h e r  t han  photon r a d i a t i o n  

c 

ii 

A p p r e n t l y  it is f o r  t h e  polar  reg ions  
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- 
I 

CH, + H +  -CHr+-j-H+ 

+ti+n+ 
I]-CH;+ H+--cH:+ 

21 + ~ t i , + + h - ~ ~ , f +  H 
CHI + H + + C H + 3 H S 3 +  
CH, i- H+-. CH~+H+H++ H 

i n  metlmne canten t  i n  J u p i t e r ' s  atmosphere due t o  s o l a r  activity are doubtful ,  

od, 151 

3.01 
8.05 
@ .733 
1.0s 

Indeed a comparison of  t h e  d i u r n a l  o s c i l l a t i o n s  of t he  equivalext width of t h e  

19.6 
29.2 
11.3 
16.4 

172 methane band wi th  s o l a r  a c t i v i t y  does not y i e l d  no t i ceab le  cakrelat ion. .  

Apparently t h e  e f f e c t  of s o l a r  a c t i v i t y  w i l l  manifest  itself only i n  long 

9.9 
14.6 ' 
5.7 
0,i f 

t e r m  v a r i a t i o n s  i n  t h e  i n t e n s i t y  of absorp t ion  bands a s soc ia t ed  w i t h  the 

v a r i a t i o n  i n  t h e  to ta l  level af s o l a r  r a d i a t i o n  during t h e  eleven yea r  uycle. 

Data are a v a i l a b l e  on t h e  v a r i a t i o n  i n  t h e  form, i n t e n s i t y  and co lor  of t h e  

cloud bands on J u p i t e r  during t h e  period af t h e  eleven year solar cycle 

(References l l ,  12) ,  Bowever, we should bear  ic mind t h a t  t h e  v a r i a t i o n  of 

t h e  h e l i o c e n t r i c  d i s t a n c e  of J u p i t e r  takes p lace  wi th  almost t h e  s a m e  period 

from 5.45 t o  4,97 a, u., which a l s o  produces a v a r i a t i o n  i n  t h e  nagnitude of 

t h e  r a d i a t i o n  f l u x  obtained by t k planet  from t h e  sun by apmoximately 20 

percent  

TABLE 7 

If we assume that t h e  variations i n  t h e  i n t e n s i t y  of methane absorp t ion  bands 

occur only due t o  tb v a r i a t i o n  i n  t h e  t h i c k n e s s  d the purely gaseous layer, 

we can use t h e  r e s u l t s  of t h e  observations to f i n d  t he  poss ib l e  limits f o r  t h e  

o s c i l l a t i o n  i n  t h e  a l t i t u d e  of the  upper cloud l aye r  boundary. 

Ins tead  of t h e  pressure  we can s u b s t i t u t s  the  number of methane molecules 
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i n t o  Equation (11) s i n c e  met,bane does not condense under J u p i t e r ’ s  atmospheric 

condi t ions  and fo l lms  the  same l a w  far the  decrease i n  dens i ty  with a l t i t u d e  

as hydrogen and helium, Then 

‘brNb On t h e  other  hand if we assume that 

If we assume that Z b w  =o,Wfs t he  average o p t i c a l  depth of the  ~ u r e l y  

gaseous l ayer ,  t he  observed v a r i a t i o n s  i n  Pf and R w i l l  correspond t o  a vari- 
L d  Ldnd 

a t i o n  i d  equal  t o  0,014,i.e., t h e  l i m i t i n g  v a l u e s  w i l l  be 0.043 and 
bt 

0.057. Then 

and 

E3 
Thus the poss ib le  v a r i a t i o n s  i n  the a l t i t u d e  of t h e  upper boundary fa- the 

Claud l a y e r  are approxirmtely 4 km. The quantity @I which is obtained 

deperds very l i t t l e  on i&e t a n p e r a t w e  T 

the cloud layer .  

which is assumed for t h e  su r face  of 
0 

The a u t h o r s  a r e  very  g r a t b f u l  t o  Y. D. Kalinenkov for a series of important 

remarks and suggest ions concerning t h e  prepara t ion  of t h i s  a r t i c l e  f o r  publ i -  

c a t i o n  , 
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